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ABSTRACT

The morphology and anatomy of Vitularia salebrosa, a murieid
eetoparasitie on other mollusks, are inv estigated based on
stn(l) of speeimens from western Panama. Distinetive eharae-
ters of this speeies inelude the small size of the buccal mass
and radular apparatus, simplifieation of the odontophore mus-
eles and diminished lateral teeth of the radula; an elongated,
narrow proboseis; narrow digestive traet and a differentiable
glandular region at the beginning of the posterior esophagus.
These traits are eonsistent with adaptive speeialization for an
eetoparasitic life history.

INTRODUCTION

Herbert et al. (2009) have shown that Vitularia salebrosa
(King and Brode rip, 1832) is an cctoparasitic g_,dstl()p()(l
that can feed suctorially on a single molluscan host for
months by drilling through the host’s hell and inserting
its proboscis into the host’s blood supplies and organs.
One of the questions raised in that study was whether
and to what degree the anatomy of V. salebrosa has
Ilﬂdt‘]“‘()l]e d(ldpll\( spumh/(m(m for an e(t()pn(mtu
hfeqtyl( For example, foot scars formed by V. salebrosa
on the surface of its host’s shell suggest that this ec topar-
asite produces mucous zulh('sivvs in its foot to help it
attach itself securely to prey during feeding (Herbert
et al., 2009). D’Attilio (1991) and Herbert et al. (2008)

also reported the absence of a radula in 80-90% of

V. salebrosa individuals examined. Radula loss is charac-
teristic of the muricid subfamily Coralliophilinae, which
are highly specialized e (t()paldslt( s of cnidarians.

The ob]ectl\ e of this study is to describe for the first
time the anatomy of Vitularia salebrosa to serve as basis
for further comparisons with other muricids and contrib-

ute to a syste matic revision of the genus Vitularia Swain-
son, 184()(tvpf species: Vitularia nuham( Gmelin, 1791)).

MATERIALS AND METHODS

Specimens were observed living, followed by dissections
performed on specimens immersed in 70% “ethanol and
observed using a stereomicroscope. Scanning electron mi-
croscopy (SEM) was used to examine the ld(hlld( in the
laboratory of Electron Microscopy of the Museu de Zool-
ogia da Universidade de Sao Paulo. Drawings were made
\ntll the aid of a camera lucida. and dissec tlom were also
digitally photographed. The conchological  description
uses the terminology of Merle (2001, 2003). Acronyms
for collections cited in this paper are MZSP. Musen de
Zoologia da Universidade de Sio Panlo, and PRI, Paleon-
tological Research Institution, Ithaca, New York, USA.

RESULTS
DESCRIPTION

Vitularia salebrosa (King and Broderip, 1532)
(Figures 1-33)

Murex salebrosus King and Broderip, 1832: 347.

Vitularia salebrosa: Keen, 1971: 536 (fig. 1040); Radwin
and D’Attilio, 1976: 173-174 (figs. 114, 115; pl. 7, fig.
14): Ramirez et al.. 2003: 261; I’au(l(s(tdl 2004: ’14

Shell (Figures 1-3, 6-8):  Shell surface pustulose.
Protoconch multispiral, with numerous granules, aligned
in axial and spiral dircctions. Sinusigeral scar well
marked. Early teleoconch whorl with P1 cord. Axial
sculpture with lamellose varices. Adult teleoconch with
only P1 evident. Infrasntural denticle split, eight internal
denticles present, perhaps corresponding to D1 to D6
or DI to D5 (with several split denticles). Columellar
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tubercles absent. Microstructure with three shell layers;
an innermost, thin aragonite layer, a thick, middle arago-
nite layer, and one thin, outer calcite layer (Figure 13).
Complementary descriptions in Radwin and DAttilio
(1976: 173-174) and Herbert et al. (2009).

ead-Foot (Figures 14, 15, 20): IHead not protrud-
od small (about 1/4 of adjacent width of head-foot). Ten-
tacles stubby, broad, flat, broader basally; length about 1/3
of wider width of head-foot. Eyes dtul\’ small, situated in
middle region of outer edge of tentacles. Tentacles
sitnated close to each other, with space between them
about 1/2 the tentacular width. Rhynchostome a small,
transverse slit located between and slightly ventral to ten-
tacles. Foot large, spanning about 1/2 whorl. Anterior fur-
row of pedal ¢ glands exending along entire anterior edge of
foot. C olumellal muscle thick , dl)(mt 3/4 whorl in length.
Haemocoel long, slightly broader anteriorly and narrower
posteriorly (Figure 20). Accessory bonnv organ (ABO)
very narrow and relatively deep (about 1/4 of foot thick-
ness), better developed and associated with cement gland
in females (Figure 15, fe); sharing the same aperture.

Operculum (Figures 4, 5):  Suboval, filling entire ap-
erturc. Superior edge rounded; inferior cdge broadly
pointed; inner edge almost straight in inferior half and
rounded in superior half; outer edge uniformly rounded.
Outer surface opaque, mostly smooth:; conspicuous
scales parallel to edge in superior and inferior slopes of
outer edge. Nucleus at middle level of outer margin.
Attachment scar occupying about 80% of inner surface,
with concentric, somewhat uniform undulations. Outer
margin glossy, uniform in width (about 1/4 opercular
Wl(lth) along entire length of operculum.

Mantle Cavity Organs (Figures 16, 18): Mantle
cavity spans about one whorl. Mantle border simple,
slightly thickened. Siphon comprises about 1/3 of free
portion of mantle edge width and about 1/3 whorl in
length. Right edge of siphon base forming tall fold that
runs parallel to mantle edge and extends approximately
1/2 width of mantle cavity (Figure 16, se); middle region
of this fold tall (about 1/2 of mantle cavity height), right
end of this fold diminishing gradually, bec 'oming weaker
near mantle edge. Osplnadlmn L‘”thlCd] 1/4 mantle
cavity length, 1/5 of mantle cavity roof width. Osphra-
dium leaflets very low (about 1/4 width); tips sharply
polntcd turned C\telnally Anterior p(ntlon of osphld-
dium well-separated from gill. Osphradial nerve enters
in middle region of osphradial ganglion (Figure 16, on).
Ctenidial vein (cfferent branchial vessel) 11111[011111_\ nar-
row, along its length. Ctenidial longitudinal muscle cov-
ers about 3/4 of ventral surface of ctenidial vein
(Figure 18, gm). Ctenidium elongated, spanning 85%

of mantle cavity length, about 1/2 its width. Anterior
end of ctenidium pointed, inserted into right surface of
tall fold formed by right siphonal base. Ctenidium
uniform in width along most of its length, increasing in
size relatively abruptly toward the posterior margin.
Posterior end of ctenidium rounded, situated close to
posterior end of mantle cavity and to pericardium. Cte-
nidial filaments triangular, spanning ~1/2 mantle cavity
height, apex central, slightly turmed to right, left and
right edges straight. Afferent ctenidial vess(l very nar-
TOW, running aloncr right margin of gill. Space hetween
ctenidium and ug,ht pallial organs mugh]v 1/2 gill width.
Hypobranchial gland thin, \\'1[]1 uniform suﬂaw pale-
beige, covering most of area between the gill and right
pd”ld] structures. Right side of mantle cavity nearly
filled by gonoducts (Figures 16, 32). Rectum very nar-
row, dlmost filiform, running along right edge of mantle
cavity in young sp(umens d]sl()( ated to l( ft by gono-
ducts of mature specimens. Anus very small, situated at
174 mantle cavity length from mantle edge, with small
terminal papilla (Flgm( s 16, 32, ap).

Visceral Mass (Figures 26, 29):  Visceral mass taper-
m<r sp(mmn(f ~2Y whorls poste rior to the mantle (“d\’lty
DNO%’U\ e gland pale-beige with small black spots, occu-
pying most of the viscer al mass, surrounding the stom-
ach, extending from visceral apex to kidney-pericardium.
Gonad also palc beige, situated along the columellar
surface of the dl(restl\e gland, e\tendmg from the first
whorl to 1/2 \\h(nl posterior to stomach.

Circulatory and Excretory Systems (Figure 17):  Reno-
perice ardial region spanning ~1/3 whorl, situated at an-
terior margin of visceral mass, partly a(ljaccnt to the
mantle cavity, roughly triangular in cross-section, broadest
along right margin. Pericardium occupying ~1/3 of reno-
penuudn_l region, just posterior to gill at anterior-left
margin of visceral mass (Figures 16, )) Auricle anterior
to ventricle, conmected to ctenidial vein (efferent bran-
chial vessel) at its left-anterior side, to reno-pericardial
duct along its right side; distance between connections
~1/4 adjacent w horl width, Ventricle spherical, connected
to aortas at its posterior-left side. Aortas narrow, anterior
aorta about twice diameter of posterior aorta, nmmngj
parallel to esophagus. Kidney somewhat elliptical in
outline. Renal lobe single, mostly solid, with imbricated,
septum-like, transverse, glandular folds, all comected
at middle region of \(‘ntml surface by longitudinal
efferent renal vessel coming from haemocoel; lobe sur-
ronnding intestine-rectum transition alongside right re-
gion; color cream, surface transversally 1()](1((1 filling
most of kidney inner space, not connected to ventr 11
renal surfacc. Nephridial gland ~1/4 width of renal lobe,
tliungulnr in section; covering entire membrane between

Figures 1-13.

Vitularia salebrosa, shells. 1—3. PRI 9468, apertural, dorsal and profile views, length =

40.0 mm. 4-5. Typical

operculum, outer and inner views, scale bar = 2 mm. 6=8. SEM of Protoconch, PR1 9469. 6. Lateral- shtrhtl\ apical view. 7. Lateral
view. 8. Detail of sculpture of penultimate V\hml scale bar = 50 pm. 9-12. Radulae of 3 specimens, SEM. Scale bars = 20 pm. 13.

Transverse section of shell, SEM, scale = 100 pun.
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kidney and p('ucal(hunl wider dorsally. Nephrostome
a small slit in kidney wall in mantle cavity (Fig-
ures 16, 17, ne).

Digestive System (Figures 19-26): Proboscis nar-
row and very long (~3 times shell length, 1/4 haemo-
coel width), outer walls thin, muscular (1‘ igures 20, 21).
Pairs of ventral proboscis retractor muscles (rm) nar-
row, originating in dorsal surface of foot, concentrated
along right region, just ventral to head (Figure 20);
closer to buccal mass, retractor muscles almost illlper-
ceptible, embedded in proboscis wall (Figure 21).
Mouth transverse, narrow. Oral tube short, broad, walls
weakly muscular. Dorsal folds paired, originate along
dorsal, inner surface of oral tube, become more longi-
tudinal posteriorly (Figure 23, df), with a narrow,
smooth surface between  them. Odontophore  very
small, ~1/15 proboscis volume, situated just posterior
to mouth (Figure 21, od). Odontophore and buccal
mass muscles (Figures 23-253): mj, peribuccal muscles,
paired, thick layers of muscles connected along both
sides of anterior-outer margin of odontophore carti-
lages (Figures 24, 25), embedded in dorsal wall of
buccal mass; m1, jugal muscles, several pairs of small,
short fibers connecting buccal mass with adjacent inner
surface of proboscis; m2, pair of retractor muscles of
buccal mass (retractor of pharynx), originating in ven-
tral surface of haemocoel (dorsal surface of foot sole)
at mid-length, just posterior to proboscis retractor mus-
cles, extend anteriorly and dorsally as a pair of incon-
spicuous l()ll(’ltlldllldl muscles, inserting into posterior
end of both odontophme Cdltlldﬂ'(‘b m4 pair of large,
broad, thin, dorsal tensor muscles of radula, originating
along outer surface of cartilages, surrounding mj ori-
gin, covering most of cartilage surface (except edge
close to median line), inserting mostly into subradular
membrane, and also in a small region of tissue in radu-
lar ribbon (anterior to its exposed area) (Figures 24
25, to); m3, pair of auxiliary dorsal tensor muscles of
radula, thin, originating along median edges of carti-
lages along their posterior. quarter, running medially
and anteriorly, inserting along ventral portum of radu-
lar sac, crossing ()d()ntoph(nc (opposite to m4 inser-
tions in tissues on radula); m6, horizontal muscle,
relatively thin, conmecting ventral edges of both carti-
lages, from anterior end of cartilages, posteriorly ~60%

ol their length; m11, paired ventral tensor muscles of
radula, thin, narrow, originating at median-posterior
ends of odontophore cartilages, extending dorsally to
m5 origins, running unteriorly at some distance from
median line, inserting along anterior surface of ventral
region of subradular membrane (Figure 24). Other
non-muscular odontophore structures: br, subradular
membrane, thin, semi-transparent, strong, connecting
to m4 muscle pair at lateral and anterior edges, cover-
ing inner surface of subradular cartilage; se, subradular
cartilage expansions, elliptical, covering about halt of
exposed portion of subradular membrane within buccal
cavity, bearing exposed part of radula, expanding be-
yond it laterally equal to the width of the radula on
each side; oe, odontophore cartilages, {lat, long, paired,
about 5 times as long as wide, elliptical in outline,
anterior somewhat pointed, slightly wider than rounded
posterior; to, tissue on radula posterior to its e.\'p()sed
portion within buccal cavity, located inside radular sac
along its region crossing odontophou- m4 muscle pair
ll'IS(-‘lt into it laterally along a region ~1/10 cartilage
length. Radular sac narrow (~ 1/5 of ()dontoph(nc
width), long (4 times buccal mass length) (Figure 19).

Radular nucleus (odontoblast region of radular sac)
slightly broad, connected to inner surface of proboscis
b\ relatively wide vessel with thin, muscular walls (Fig-
ure 19). Radular teeth (Figures 9-12): Rachidian teeth
wide, ~3/5 of radular 111)1)()11 width, chevron-like, with
7 comcal pointed, posteriorly-directed cusps that are
not aligned; central cusp taller, at a greater angle to
ribbon than remaining, lateral cusps, wln(h are \ltlldt(‘d
nearly on the same anle lateral edges of rachidian
teeth broad, flattened. Lateral teeth pdlw(l very nar-
row, ~1/8 of rachidian teeth width, equal to rachidian
teeth in height (I/W ~5), weakly curved; bases wider,
inserted into subradular Cdrtlld(re close to proximal
region of rachidian teeth lateral <d€r<- tip sharply point-
ed turned posteriorly. Salivary trlands just posterior
to valve of Leiblein, anterior to nerve ring (Figure 21,
sg), occupying ~1/8 of haemocoel volume. Salivary
gland ducts very narrow; gradually become embed-
ded in anterior esophagus wall anterior to valve of
Leiblein (Figure 21). Accessory salivary glands absent.
Anterior esophagus narrow, long (Figure 21), equal in
length to proboscis, immer surface smooth, with pair
of low, narrow longitudinal folds in anterior region

Figures 14-19.

Vitularia salebrosa anatomy. 14. Head-foot, male, frontal view. 15. Foot, female, longitudinal section in median

line. 16. Mantle cavity roof, female, ventral view, transversal section in fold of right base of siphon artificially done. 17. Reno-

pericardial region, ventral view, ventral wall of pericardium and part of kidney lemo\ed posterior region of renal lobe partially

deflected. 18. Mantle cavity roof, female, transversal section in middle level of os )hld(hllll]. 19. Dlsml region of foregut, ventral-
) I et g

right view, distal portion of proboscis also shown. Scale bars = :

mm. Abbreviations: aa, anterior aorta: ae, anterior esnp]mgus; af,

afferent branchial vessel; an, anus; ap, anal papilla; au, auricle; be, bursa copulatrix; by, blood vessel: em, columellar muscle; ev,
ctenidial vein; ey, eye; fe, female cement gland plus boring organ: fp, female pore: fs, foot sole; ft, foot; gi, gill: gm, gill longitudinal
muscle; he, haemocoel: hg, hypobmndud] oland: kd, lenm dorsal lobe; ki, kidney chamber; km, membrane between kidney and
mantle cavity; m2, buccal mass and odontophme muscles: mb, mantle border:; mo, mouth: ng, nephridial gland: ne, nephrostome;
oa, opercular pad; od, odontophore; og, osphradinin ganglion; on, osphradium nerve; op, operculum: os, osphradium: ot, oral
tube; ov, pallial oviduct; pa, posterior aorta; pb, proboscis; pe, pericardium: pg, pedal gland furrow: pp, penis apical papilla; rs,
radular sac; rt, rectum; v, efferent renal vessel; sd, salivary duct; se, fold of siphonal base: si, siphon; te, cephalic tentacle; vd, vas

deferens; ve, ventricle; vs, blood vessel.
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(Figure 23, df). Valve of Leiblein slightly wider than
surrounding esophagus, anterior half (,(nnml, posterior
half rounded (Figure 22). Internally, valve anterior with
a tall eylindrical fold, with relatively short cilia directed
posteriorly (Figure 22). Renunmn(r portions of valve of
Leiblein cntml\ covered by iner, thick whitish glan-
dular layer. Middle esophag_‘ns about same diame tm as
anterior esophagns (Figure 21); inner surface smooth,
simple. Gland of Lelblmn occupying ~1/3 of hacmo-
eoel volume, broad, flat anteriorly, gradually narrowing
posteriorly, becoming very narrow, sharply pointed
(Figures 20, 21). Duet of gland of Leiblein broad,
situated at some distanee from anterior end of gland.
Posterior esophagus nurr()\\' equal in length to anterior
esophagus (Figures 21, 26), with a broadly expanded
glandular region (I*ch\ 21, 22, eg) situated beneath
(erd of Lelblcm posterior to duet of gland of Leiblein
(bv ~1/10 posterior esophagus len"th Glandnlar lin-
1n(r of this 1e(f1011 of p()st( rior u()phd(fm about twice

as tlnck as (soplmﬁeal wall. Stomach a simple curve
(Figure 26), equal in width to esophagus, located about
1/3 whorl posterior to kidney, embedded in digestive
gland. Inner surface smooth, simple. Duct to dlg(*,stlve
gland single, joining stomaeh in posterior gastric curve,
about equal in diameter to intestine. Intestine as wide
as esophagus, nearly straight. running anteriorly along
right region of visceral mass, passing through ventral
region of renal lobe (Figure 17). Digestive gland, rec-
tum and anus deseribed above.

Male Genital System (Figures 14, 27-29, 36): Vis-
ceral vas deferens running from testis along columellar
surfaee of visceral mass to 111tensoly coiled seminal vesi-
cle loeated on mid-ventral region of last whorl of visceral
mass, comprising ~1/4 of mass of adjacent region of
visceral mass (Figure 29, sv). Vas deferens narrow, sim-
ple. straight, running along ventral wall of kidney, exiting
into mantle cavity alonCr its middle-posterior ec 16(* (Fw—
ure 29, vd). Pallial vas deim ens strongly u)m()luted for
174 of mantle cavity length along 11<f1|t ventral edge of
mantle Gil\’lt} u)nncetnw to p()slelun end of prostate
gland. Prostate gland ~l/A of mantle cavity length,
~1/10 its width (l“l”lll(‘ 25, pt), with g_,ldn(lnl(n mdcs-
cent, walls narrowing anteriorly, laeking clear separation
with remaining anterior vas deferens, which crosses to
pallial floor at level of anus, winding sigmoidally to base
of penis (Figures 14, 27, 36); pallial vas deferens entirely
elosed (tubular) (Figure 27, vd). Penis broadest modmll\
(173 penis length), smnewlmt flattened, occupies ~1/6
mantle eavity volume, curved at base: apical region nar-

rowing abruptly, rounded; apical papilla narrow, ~1/8 of
penis length, located within protective apical chamber
that oecupies ~1/10 ol penis volune (Figure 27). Penis
duct (~1/6 of penis width) runs along penis axis, strongly
coiled at mid-length (Figure 27). narrowing at papilla
base, opening at papilla tip.

Female Genital System (Figures 16, 32, 33): - Visceral
oviduct relatively wide, entering left posterior region
of albumen gland (Figure 32). Pallial oviduct nassive
(Figure 16), (N’/% I(*n(rth ~1/3 width of mantle cavity).
Albumen gland splnulcal flattened, walls thick, white,
about ~1/:4 pallial oviduct length: linmen broad and flat,
continuous with that of Ld)\ll](‘ gland. Capsule gland
long (~2/3 pallial oviduct le 11<rlll) sh(rlntl\ narrower len
And anterior to, albumen 01411(1 W 1l|s thick. glandnlar,
pale beige in color; lnnwn broad and flat (Flgm(* 39).
Anterior region of capsule gland with thinner walls,
forming v. 1(!11141 atritnm (Flﬂuws 32,33, vg). Bursa copu-
latrix (Hlptlt,‘dl, ~1/6 pallial oviduct length, sitnated on
ventral, left side ol anterior end of pullial oviduct. Bursa
walls thiek, longitudinally folded. Capsule gland and
bursa copulatrix (lll( ts converge anteriorly to form small
genital papilla (Figure 33, fp), located within small
ehamber.

Central Nervous gystem (Figures 20, 21, 30,
31):  Nerve ring located in anterior region of hamno—
coel, at pmbosms base (Figures 20, 21). Nerve ring
volume approximately 1/20 that ol haemocoel. Ganglia
highly eoneentrated and difficult to separate. Cerebral
and pleural ganglia paired, totally fused. Pedal ganglia
paired. as Lutf( as cerebro- pl( ural ganglia, broadly
connected to each other and to re maining main <nmtrlm
Sub- (*s()phd(fm] ganglion close to nerve ring, d])()llt lml{'
the size ol a pedal ganglion. Statocysts not found.

Measurements (m mm):  MZSP 63524: 1: 6.7 by
33.1: 33: 47.4 by 25.8; MZSP 64213 ¢1: 62.1 1)_\,‘ 2854
PRI 946S: 40.0 l)\ 22.3 (Figs. 1-3).

Geographic Distribution:  Baja Calilornia to Peru.

Habitat: Under rocks, intertidal and subtidal.

Material Examined: W. PANAMA (Gulf Panama):
Panama City, MZSP 10173, 1 shell: Chumical Arerajan,
Chumical Ba) Playa, 08°33'08.8" N, 79°38'37.7" W,
M7ZSP 63824, j, 25 (Simone col., 29 Jan. 2006);
Venado Island, 0S°52748.6” N, 7Y 33’36 9" W, MZSP
64213, 4.3, 27 (Simone col. 30 Jan. 2006), MZSP 77671,

Figures 20-22. Vitularia salebrosa anatomy. 20. 1ead and haemocoel, ventral view, foot :m(l colmmellar muscle removed. inner
structures as in sitn. 21. Foregut removed, ventral view, some adjacent structures also shown. 22, Detail of foregut region hetween
valve and gland of Leiblein, ventral view, with detail of valve opened longitudinally. a transversal section artific 1(111} (1()11( in proximal
region of posterior esophagus. Seale bars = 2 mm. Abbreviations: aa, anterior aorta: ae, anterior esophagus: di, diaphragm-like
septum: ea, anterior esophagus: eg, gland of posterior esophagus: em, middle esophagus: ep, posterior esophagus: ey, eve; ge, snb-
esophageal ganglion; gl, gland of Leiblein; gp, pedal ganglion: Id, duct of gland of Leiblein: mo, month: od, u(lont()plun(' pb.
proboscis; pg, pedal gland furrow: rm, proboscis retractor musele: vs, radular sac; rw, thynchodeal wall: vy, thynchostowne: sd,
salivary duct; sg, salivary gland; te, cephalic tentacle; tg, integunent: vl, valve of Leiblein.
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37, 83792, T specimens (Simone col. 01/i/2006), PRI
9468, 2 specimens (riglll't*\‘ 1-3, 6-8). Las Perlas Archi-
1)(’121};(), 08°21727.7" N, 78°5(0/28.7" \V. MZSP 78481,

2 specimens (blmonc col —l Feb. 2006). COSTA RICA:
Joce Beac i, PRI 9469, 1 specimen. ECUADOR: Man-
abi; Isla Salango, MZSP 67408, 1 shell, MZSP 69597, 12
shells (Coltro (ol. Mar. 2003).

DISCUSSION

The anatomy of Vitularia salebrosa is comparable to
that described for numerous muricids (e.g., Harase-
wych, 1984; Kool, 1987, 1993a, b: Ball ct al., 1997
Tan and Sigurdsson, 1996; Tan, 2003; Simone, 2007),
and shares leatures characteristic of the fawily, among
them a mantle border that closely surrounds the si-
phon, an accessory boring organ, and an anal papilla.
However, several dspocts 01 the morphology of V. sale-
brosa appear to be unique. These include: (1) a tall,
septinn-like fold at the right base of the siphon (Fig-
ure 16, se); (2) an elongated proboscis (Figure 21)
(muricids normally bear a well-developed, but shorter
proboscis); (3) a small and simple buccal mass. particn-
larly the odontophore (Figure 19), with small m6 and
retractor muscle pairs m3, and the lack of a muscular
comnection in the radular sac (Figures 24, 25); (4) a
relatively small pair of lateral te seth on the radula (Fig-
ures 9-12); (5) a digestive system that is sunphlu ' and
reduced in (liamot(l (}‘1(7111(‘\ 21, 232, 26), l)d]tlLlll(lll\
the stomach, which is 1(’(111( ed to a simple, inconspicu-
ous curve that is joined by the duct ol the digestive
gland; (6) a 1'(3(111(( d valve of Leiblein that lacks a
tmmvm's‘(’ furrow, or by-pass, along its length (I'ig-
ure 22, vl); (7) a 1111(1 esoplmdus tlmt is snnpl(‘ 1,1111(1
than glandular as in most muricids (Figures 21, 22,
eg); (h) an anal gland (Figure 32, (lg,) that is unnsually
elongated; (9) a prostate gland that is relatively small,
with a long, convoluted vas deferens in the mantle
cavity (Figure 28); (10) a p(*nis' with a terminal papilla
(u)mnmn in muricids) that is protected by an nnsnal
terminal chawber. Similarly, the female genital pove is
also protected in a small, hollow chamber (Fignre 33),
while the remainder of the pallial oviduct is normal for
the family; and (11) a central nervous system, or nerve
ring, that is more concentrated than nsual (Figures 30,
31) (mormally, the muricid nerve ring is slightly I()ll(f(l

dorso-ventrally, with a clearer separation between the
pedal ganglia “nd the remaining, ganglia).

Ilus xtml) did not confirm lll( findings ol D Attilio
(1991) and Terbert et al. (2008), who reported that as
many as 80-90% of animals studied lacked a radula. All
animals dissected in this analysis (1=23) posscssed a
radula. The different results obtained herein can he
interpreted several ways. Herbert et al. (2009) found
that ectoparasistic interactions between an individnal
Vitularia salebrosa and a single mollnscan host can last
many months and possibly as long as a year. They also
found that interactions with new 0}&1(*1‘ pr(‘y appear Lo
start at the same time cach year. Becanse Vosalehrosa
requires a radula to initiate the interaction by drilling a
feeding hole, it may be that a [lm(tmmn(r radula s
prese nt sporadic: l”\' and perhaps season: 1]]\ (see also
Herbert et al., 2009). Au alternative (‘\l)ldlldll()ll is that
the radunla was (lestm\t by the cleaning process used
in past work, which involved dissolvi ing tissues cither in
concentrated potassinm hydroxide, or in a bleach-like
solution. Tt is not clear, ]I()\\(\(‘l \\ll\ this t((lnn({nv
works so well for other muricids but wonld fail consis-
tently for V. salebrosa, unless its vadula is sometimes
non-mineralized. It is also possible that the long pro-
hoscis was accidentally dlll])llldl((l by collectors vigor-
ously pulling the fee «Jing animal from its host. lmuh ol
these explanations can be easily tested in future work.

Diflerences in the digestive system hetween Vitularia
salebrosa and other munmdx ])dlll('llldl]\ the simplification
and reduction in diameter ol its gut, are compatible with an
¢ (t(lpdld\lll( mode of life. On llu other hand, as the diges-
tive system is complete in V. salchrosa, it is possible to infer
that parasitism is not obligatory, and that nonmal predatory
hehavior can also ocenr. The nricid snbflamily Coral-
liophilinae is known to include species that are ectopara-
sitic on enidarians, vet there are few parallels hetween
the anatomy of unalhuplu ines and that of 'V salebrosa.
A striking aspect of the anatomy of V. salehrosa is the highly
reduced diameter ol its digestive tract, althongh it has
retained a fully functional lm( cal mass and ()(lunt()p] lore.
In contrast, (014]]101)1111111(« have sntlered severe atrophy of
the anterior portion of the digestive system, partienlarly the
buccal mass, including the l()ldl loss of the ()d(mlophm(-
radula, and related stm(hn(s However, the remaining
portions ol the digestive systemn in coralliophines are re Ll—
tively similar to lllusu of other nricids.

Figures 23-28.  Vitularia salebrosa anatomy. 23. Bnecal mass, right view, esophagus and ventral region opened longitudinally, way
of right salivary dnet pmtml]\ shown., radular sac only partially xh(mn 24. Odontophore, ventral view. 25. Same, ventral view, le ft

structures (Il“lll in Figure) partially deflected. supmh( dal Tayer of tissnes removed. 26. Visceral partially uncoiled showing topology
ol midgnt, ventral view, topology of some portions of reno-pericardial strnctures also shown. 27. Penis and adjacent region ()t ln‘(u]‘
dorsal view, some penial inner structires artificially shown. 28, Detail of right region of mantle cavity, male. ventral view, with focus
on genital structives, a transverse section throngl middle region. Scale bars = 1 mm. Abbreviations: aa, anterior aorta: ad, advectal
sinus; ag, anal gland; br, subradnlar me m])mnv dd, duct to digestive gland; df, dorsal inner folds of bucecal mass: ea, anterior
esophagus; ep, posterior esophagus; in, intestine; ir, insertion ol hllll]]d] sac; ki, kidney chamber: mI-m11, hunccal mass and
odontophore muscles; mb, mantle bmdm, mj, peri-oral muscles: mo, month; oe, odont :p]mw artilage: od, odontophore: ot oral
tube; pe, pm‘i(‘-nr(]imn; pd, p(-nis duet; pe. pm]is; l)t, prostate gl;uul; ra, radnla; rs, radular sac: rt, rectunm: sa, S:l]i\'&l]:\' dnet ulwrtnr(\:
sc, subradular cartilage; sd, salivary duct; st, gastric vegion: tg, integnment; to, tissne connecting w4 with radnlar sac: v, vas
deferens; v, visceral mass; vp, ventral platform of bnecal mass.




Page 146 THE NAUTILUS, Vol. 123, No. 3

VO

Figures 29-33.  Vitularia salebrosa anatomy. 29. Anterior region of visceral mass. male, ventral view. 30. Nerve ring, ventral view,
with indication of esophagus topology (succcssive arrows). 31. Same, dorsal view. 32. Pallial oviduct, ventral view, some adjacent
structures also shown, a transversal section of indicated region also revealed. 33. Detail of anterior region of pallial oviduct, ventral
view, with inmer terminal genital papilla protruded. Scale lmls = 1 mm. Abbreviations: ab, albumen lflan(l ad, adrectal sinus: ag,
anal gland; an, anus: ap, dlldl papilla; be, bursa copulatrix; ee, cerebro-pleural ganglion; g, capsnle Uld]l(l da, anal gland duct; es,
esophagus; fp, female pore; ge, sub-csophageal ganglion: gp, pedal ganglion; l\1, Lidne v chamber: rt, rectumn; sv, se minal ve sicle; ts,
testis: vd, vas deferens; vg, vaginal atrium; vo, visceral oviduct.
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